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Q\ • Abstract 

On 

The energetic exclusive two-body nonleptonic decays of B mesons are investigated 
in the framework of the relativistic quark model within the factorization approxi- 
mation. 

The investigation of exclusive nonleptonic decays of B mesons represents an important and 
complicated theoretical problem. In contrast to the exclusive semileptonic decays, where 
the weak current matrix elements between meson states are involved, nonleptonic decays 
Tj- ! require the evaluation of hadronic matrix elements of the local four-quark operators. To 
simplify the analysis it is usually assumed that the matrix element of the current-current 
weak interaction factorizes into the product of two single current matrix elements. Thus 
the problem reduces to the calculation of the meson form factors, parametrizing the 
hadronic matrix elements of weak currents as in the case of semileptonic decays, and the 
meson decay constants, describing leptonic decays [[[[]. Factorization can be intuitively 
Q_i! justified for the energetic nonleptonic decays [[|. In these decays the final hadrons are 
produced in the form of point-like colour-singlet objects with a large relative momentum. 
And thus the hadronization of the decay products occurs after they are too far away 
for strongly interacting with each other, providing the possibility to avoid final state 
interactions. 

The factorization approach to two-body nonleptonic decays implies that the decay ampli- 
tude can be approximated by the product of one-particle matrix elements. As an example, 
for the decays B° — > D + ^tc~^ we have: 

(D + n-\H eff \B°) = ^V cb V u M^(D + \(cb) V -A\B°)(n-\(du) v _ A \0), 



where 



(D\°\H eff \B°) = ^V ub V c M^(D°\(^) v . A \0)(n°\(db) v . A \B ), (1) 



ai(n) = ci(//) + Cc 2 (/i), 020) = c 20) + C^iO), (2) 



ci f 2 are Wilson coefficients and ( is a hadronic parameter of order 1/N C , which accounts 
also for nonfactorizable corrections (such as e.g. colour octet contributions) and therefore 
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is process dependent ||. However, as it is argued in || for most of two-body B decays 
the variation of ( is rather small and, to a good approximation, this process dependence 
can be discarded. 

The matrix elements of the weak current between meson states or the vacuum and a 
meson state are parametrized by the form factors F 1;0 (g 2 ), A ^ t2 {q 2 ), V(q 2 ) and decay 
constants fpy All these form factors have been calculated in the framework of the 
relativistic quark model, based on the quasipotential approach ||, || . 
For the case of the heavy-to-heavy (B — > meson decays our model form factors 

satisfy all the constraints imposed by heavy quark symmetries. We have determined 
the Isgur-Wise function and subleading form factors as well as the second order power 
corrections at the point of zero recoil of final meson M. The obtained values of B — > 
form factors at q 2 = are |J 

Fi(0) = F o (0) = 0.63, 7(0) = 0.79, 

A (0) = 0.63, Ai(0) = 0.62, A 2 (0) = 0.61. (3) 

In the case of heavy-to-light B — > n(p) decays we have calculated corresponding form 
factors at the point of q 2 = using the expansion in inverse powers of the heavy 6-quark 
mass and large recoil momentum of light meson (of order ~ m&/2) up to second order ||. 
The found values of B — > n(p) form factors at the point of maximum recoil (q 2 = 0) are 

§ 

Fi(0) = F o (0) = 0.21, 7(0) = 0.29, 

A)(0) = 0.18, Ai(0) = 0.27, A 2 (0) = 0.30. (4) 

We have also determined the q 2 behaviour of the heavy-to-light form factors. It is impor- 
tant to note that the form factors A\ and F in our model have a different q 2 dependence 
than the other form factors H O . 

Let us apply these form factors to the calculation of nonleptonic decays. In the factor- 
ization approximation one can distinguish three classes of B meson nonleptonic decays 
]1|]: the 'class F transitions, such as B° —>■ M 1 f M 2 ~ , where only the term with a\ con- 
tributes (i.e. both mesons are produced by charged currents); 'class IF transitions, such 
as B° — > M^M®, where only the term with a 2 contributes (i.e. both mesons are produced 
by neutral currents) and 'class IIP transitions, such as B~ — > M\M 2 , where both terms 
can contribute coherently. 

The results of the calculation of the nonleptonic branching ratios for B — > D^*' and B — > 
7r(p) transitions are given in Tables 1 and 2 in comparison with other model predictions 
||-[|l(J and experimental data. The B — > £)(*)£)(*) decay branching ratios are presented 
for completeness. 

We see that our results for the 'class F nonleptonic B — > D^tt(p) decays are close 
to the improved BSW model predictions [§], while our results for the 'class IF and a 2 
contributions to 'class IIP decays are smaller than those of [[|. These contributions come 
from B — > 7r(p) transition form factors, which have a different q 2 behaviour in our and 
the BSW models. The BSW model assumes universal q 2 dependence of all B — > ir(p) 
form factors. As already mentioned in our model we find the A\ and F§ form factors to 
have a different q 2 dependence than that of the other form factors |], The form factor 
F Q in our model decreases with the growing of q 2 in the kinematical range of interest for 
energetic nonleptonic decays. Note that our value for B — > it form factors at q 2 = is 
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Table 1: Predicted branching ratios for B — > D^M nonleptonic decays in terms of ui and 
a 2 (in %). Our model branching ratios are quoted for values of ai = 1.05 and a 2 = 0.25 
in comparison with experimental data (in %). We use the values \V c b\ = 0.038 and 
f D = f D , = 0.220 GeV, f Ds = f Di = 0.260 GeV, f ai = 0.205 GeV [7] for our estimates. 



Decay 


our result 


1 


our result 


experiment [ 






B»^ 


D+TT- 


0.29a? 


0.264a? 


0.32 


0.31 ± 0.04 ± 


0.02 


B ^ 


D + p- 


0.79a? 


0.621a? 


0.87 


0.84 ± 0.16 ± 


0.05 


B° —> 


D* + ir- 


0.26a? 


0.254a? 


0.28 


0.28 ± 0.04 ± 


0.01 


B ^ 


D* + p- 


0.81a? 


0.702a? 


0.88 


0.73 ± 0.15 ± 


0.03 


B ^ 


D+a^ 


0.78a? 


0.673a? 


0.86 


0.83 ± 0.20 ± 


0.08 


B ^ 


D*+al 


0.92a? 


0.970a? 


1.02 


1.16 ± 0.25 ± 


0.05 


B ^ 


D+D s 


1.37a? 


1.213a? 


1.51 


0.74 ± 0.22 ± 


0.18 


B° —> 


D+D*- 


0.685a? 


0.859a? 


0.75 


1.14 ± 0.42 ± 


0.28 


B ^ 


D* + D- 


0.82a? 


0.824a? 


0.90 


0.94 ± 0.24 ± 


0.23 


B ^ 


D* + D*- 


2.50a? 


2.203a? 


2.75 


2.00 ± 0.54 ± 


0.49 


B ^ 


D°TT° 


0.058a! 


0.20a! 


0.0036 


< 0.012 






B° —> 


D*°7T° 


0.056a! 


0.21a! 


0.0035 


< 0.044 






B ^ 


D°p° 


0.053a! 


0.14a! 


0.0033 


< 0.039 






B ^ 


D*°p° 


0.156a! 


0.22a! 


0.0098 


< 0.056 






B~ - 


D°tt- 


0.29(ai + 0.64a 2 ) 


2 0.265(ai + 1.230a 2 ) 2 


0.43 


0.43 ± 0.05 ± 


0.03 


B~ - 


D*°ir- 


0.27(ai + 0.69a 2 ) 


2 0.255(ai + 1.292a 2 ) 2 


0.40 


0.39 ± 0.06 ± 


0.03 


B~ - 


D°p- 


0.81(0! +0.36a 2 ; 


2 0.622(ai +0.662a 2 ) 2 


1.06 


0.92 ± 0.14 ± 


0.03 


B~ -» 


D*°p- 


0.83(a? + 0.39a! 


0.703(a? + 0.635a! 


1.17 


1.28 ± 0.20 ± 


0.09 






+ 1.15aia 2 ' 


+ 1.487aia 2 ) 










B~ - 


D°D- 


1.40a? 


1.215a? 


1.55 


1.36 ± 0.28 ± 


0.33 


B~ -» 


D°D* S - 


0.70a? 


0.862a? 


0.77 


0.94 ±0.31 ± 


0.23 


B~ - 


D*°D- 


0.84a? 


0.828a? 


0.92 


1.18 ± 0.36 ± 


0.29 


B- - 


D*°D*- 


2.56a? 


2.206a? 


2.80 


2.70 ± 0.81 ± 


0.66 



approximately 1.5 times less than that of BSW, while the values for B — > p form factors 
are close in both models. 

Our predictions for the branching ratios of B — > D^*'M nonleptonic decays presented in 
Table 1 agree with experimental data within errors. Thus we can conclude that factor- 
ization works rather well for 'class P and 'class IIP decays B — > D(*>ir(p). However, an 
improvement of experimental accuracy is needed to make a definite conclusion. It will be 
very interesting to measure the 'class IP decay B° — > D^°ir(p) branching ratios. Such 
measurement will be the test of factorization for 'class IP nonleptonic decays and will 
help to constrain the q 2 dependence of B — > n(p) form factors. 

We also present in Table 1 the predictions for B — > D^D^ nonleptonic decays, where 
only heavy mesons are present in the final state. The factorization is less justified for such 
decays. However, as we see from Table 1 our predictions, based on the factorization, are 
consistent with the experimental data for these decays too. 

For the branching ratios of B — > 7i(p)M nonleptonic decays presented in Table 2 there are 
only experimental upper limits at present. The measurement of these decays will allow 
the determination of the CKM matrix element \V u b\, which is poorly known. The closest 
experimental upper limit to the theoretical predictions is for the decay B — > 7r + 7r~ |13| . 



It is approximately 1.5 times larger than our prediction and is very close to the result of 
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Table 2: Predicted branching ratios for B — > 7r(p)M nonleptonic decays. We use the ex- 
perimental values for /„., f p [7] and the value of \V ub \ = 0.0052 [5] for our model estimates. 
All numbers are branching ratios xlO 5 . 



Decay 


our result 


our result 


i 


I 


lpj 


experiment UL 


B° -► 




0.33l\V ub \ 2 a{ 


0.99 


1.8 






< 1.5 


B° -» 


7T + p~ 


0.857| V ub | 2 a 2 


2.55 


4.8 








B° -» 


p + TT" 


Q.2U\V ub \ 2 a\ 


0.70 


0.4 








5° -» 




1.09|Kb| 2 a? 


3.25 


5.2 






< 8.8 


5° -» 


p + p- 


0.794|Kfe| 2 a? 


2.36 


1.3 






< 220 


B° -» 


vr 7r° 


0.17|Kb| 2 a| 


0.028 


0.06 






< 0.9 


5° -» 


7T p° 


0.54|Kb| 2 a| 


0.092 


0.14 






< 1.8 


5° -» 


p°p° 


0.39| V^a 2 2 


0.067 


0.05 






< 28 


5° -> 


D-TT+ 


0.285|Kb| 2 a 2 


0.85 


8.1 


1.9 


< 28 


5° -> 


D*-*+ 


1.06|K 6 | 2 a 2 


3.1 


6.1 


2.7 


< 50 


5° -> 


D-p + 


0.269|K&| 2 a 2 


0.80 


1.2 


1.0 


< 70 


5° -> 


D* S ~P + 


2.25|Kfe| 2 o 2 


6.7 


4.5 


5.4 


< 80 


5~ -» 


vr vr- 


0.169|Kb| (ai + 02) 2 


0.78 


1.4 






< 1.7 


B~ - 


7r°p- 


0.438|Kfe| 2 (ai + 0.52a 2 ) 2 


1.7 


2.7 






< 7.7 


B~ - 


A~ 


0.120|Kfe| 2 (ai + 1.95a 2 ) 2 


0.77 


0.7 






< 4.3 


B- - 


P°p- 


0.411| F u6 1 2 (ai + a 2 ) 2 


1.8 


1.1 






< 100 


B~ - 


D-ir° 


0.146| V ub \ 2 a\ 


0.44 


3.9 


1.8 


< 20 


B~ - 


D*-7T° 


0.545|K 6 | 2 a 2 


1.6 


3.0 


1.3 


< 33 


B~ - 


D-p° 


0.138| V ub \ 2 a 2 


0.41 


0.6 


0.5 


< 40 


B~ - 


D* s -p° 


1.16\V ub \ 2 a 2 


3.4 


2.4 




2.8 


< 50 



||. From this upper limit on B(B° — > 7r + 7r ) we get the limit on \V ub \ in our model 

\V ub \ < 6.4 x 10- 3 , 

which is close to the value previously found from semileptonic B — > 7r(p)lv decays |J: 

\V ub \ = (5.2 ± 1.3 ±0.5) x 10~ 3 . 

The overall agreement of our predictions for two-body nonleptonic decays of B mesons 
with the existing experimental data pT| , [L2j shows that the factorization approximation 
works sufficiently well in the framework of our model. From another side, if the fac- 
torization hypothesis is taken for granted, the aforementioned agreement confirms the 
selfconsistency of our approach, which incorporates our previously obtained results for 
semileptonic and leptonic decays of heavy mesons. In particular it would be quite inter- 
sting to test the specific q 2 behaviour of the heavy-to-light transition form factors Fq and 
A\ predicted by our model. 
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